A variety of conditions may affect the trigeminal nerve. Magnetic resonance imaging is the modality of choice when trigeminal nerve pathology is suspected, and this modality plays an essential role in detecting causes. This review illustrates some of the pathological conditions relevant to the trigeminal nerve in magnetic resonance imaging.
Introduction
The trigeminal nerve (TN) is the largest cranial nerve, which has a broad distribution territory [1] . It is a mixed sensitive-motor cranial nerve, receiving sensory afferent fibres from the face and mouth, and providing motor innervation to the muscles of mastication. A wide range of pathologies, including vascular, ischaemic, inflammatory, and neoplastic, can affect TN. Magnetic resonance imaging (MRI) is considered the primary method for evaluating patients with symptoms related to TN.
TN originates from the brainstem and follows a long and complex course towards its distribution territory. TN can be divided into four segments (brainstem, cisternal, Meckel's cave-cavernous sinus, extracranial). The nucleus of TN is found in the brainstem. Its roots exit from the pons, traverse the prepontine cistern, and enter Meckel's cave where the ganglion of TN lies and forms the peripheral branches (ophthalmic [V1], maxillary [V2], mandibular [V3]). V1 and V2 continue within the cavernous sinus and then V1 reaches the orbit via the superior orbital fissure and V2 reaches the pterygopalatine fossa via the foramen rotundum. V3 exits Meckel's cave, enters the foramen ovale, and joins with the motor root, which bypasses the TN ganglion just below the foramen and reaches the infratemporal fossa [1, 2] . The purpose of this review is to show MRI findings of the pathology of TN by using a segmental approach.
Causative lesions of the brainstem
The most common brainstem lesions causative for TN symptoms are multiple sclerosis, glioma, and infarction [3] . Demyelinating lesions of multiple sclerosis sometimes affect the pontine trigeminal pathways [4] . On T2-weighted and fluid attenuation inversion recovery (FLAIR) imaging, a high signal intensity ovoid lesion is seen in the area of the trigeminal nucleus. Similar additional lesions may be identified in the periventricular or juxtacortical/cortical white matter and the cerebellum, confirming dissemination in the space criteria of McDonald [5] (Figure 1) .
Expansion of the brainstem by infiltration of the tumour can cause multiple cranial nerve palsies. The most common form of brainstem tumour is glioma, which mostly arises in the pons. Brainstem gliomas constitute 10-20% of all posterior fossa tumours in childhood but occur also less commonly in adults [6] . MRI is the most accurate way to diagnose and to assess the extent of the tumour [6] (Figure 2) . The infarction of the brainstem often involves impairment both of the cranial nuclei and the long tracts and can cause nerve palsies. Most of the brainstem infarctions are ischaemic and occur secondarily to occlusion of small perforating arteries of the posterior circulation. Diffusion-weighted imaging (DWI) is useful to look for ischemic lesions [7] (Figure 3 ).
Causative lesions of the cistern
TN symptoms can be caused by vascular and neoplastic lesions within the cistern [3] . Neurovascular compression is defined as abnormal contact between the vessel and the root entry zone, which is situated adjacent to the pons. This compression is the most common cause of trigeminal neuralgia [3] . Tortuous branches of posterior circulation vessels, especially the superior cerebellar artery, may compress TN and cause focal loss of myelin [8, 9] . Other vascular lesions (aneurysms, arteriovenous malformations, dural arteriovenous fistula, and ectasias) may also result in neurovascular compression. This compression is best demonstrated on 3D high-resolution steady-state free precession (SSFP) sequences and 3D time-of-flight (TOF) angiography (Figure 4 
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with which the patient presents. They may arise in any segment of TN and usually show homogenous enhancement ( Figure 5 ). The large schwannomas can have inhomogeneous signal intensity due to haemorrhage and cyst formation ( Figure 6 ). TN may also be affected by lesions such as meningiomas and epidermoid cysts [10] . Meningiomas typically appear as extra-axial masses with a broad dural base and show intense homogenous enhancement with thickened adjacent dura [11] (Figure 7 ). An epidermoid cyst is a benign congenital lesion of ectodermal origin, the characteristic finding of which is a very bright signal on DWI [12] (Figure 8 ).
The causative lesions of the Meckel's cave and cavernous sinus
Meckel's cave or cavernous sinus may be involved by vascular, neoplastic, and inflammatory lesions. Intracavernous carotid aneurysms and carotid cavernous fistula 
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may compress the cavernous sinus and may be associated symptoms of TN [8, 13] (Figure 9 ). Also, some pituitary adenoma can infiltrate the cavernous sinus ( Figure 10 ). MR imaging and TOF angiography are the most accurate ways to assess the extent of adenoma and to show the vascular anatomy and abnormality.
In inflammatory and infectious disease, such as Gradenigo's syndrome, the abducens nerve as well as the Gasserian ganglion may become involved [14] . The abnormal contrast enhancement of meninges, nerves, and cavernous sinus thrombosis can be seen on MR imaging (Figures 11  and 12) .
Metastatic involvement of TN may be seen as direct infiltration or secondary to haematogenous-leptomeningeal dissemination (Figures 13-17) . 3D contrast-enhanced magnetisation-prepared rapid-acquisition gradient-echo (MP-RAGE) sequence is very useful for demonstration of these lesions (Figure 18) . 
Causative lesions of the extracranial portion
Extracranial causes of TN symptoms include neoplastic and fibro-osseous lesions. The branches of TN are most commonly involved in perineural spread of head and neck malignancies such as adenoid cystic carcinoma and squamous cell carcinoma [8] . On imaging, enhancement and irregular thickening of the nerve, widening of the neural foramen, and atrophy of the supplied muscles can be seen [15] (Figure 19) .
The fibro-osseous lesions may affect the skull-base neural foramina and cause pressure or infiltration of TN branches. Chordoma, chondromatous lesions, and metastases are common among these lesions (Figures 20 and 21) .
MRI of the trigeminal nerve pathologies
Routine brain MR imaging protocols (T1-weighted spin echo, T2-weighted turbo spin echo, FLAIR, DWI, susceptibility-weighted imaging) help to exclude and evaluate other causes that could mimic the symptoms. A protocol should include 3D TOF angiography, and 3D SSFP and 3D MP-RAGE sequences before and after contrast injection. 3D SSFP sequences provide superior delineation of A B vascular structures and nerves in the cerebrospinal fluid spaces (Figures 4, 5 and 8 ). 3D TOF and MP-RAGE sequences are very helpful for demonstration of the neurovascular contact and contrast enhancing lesions along the course of the TN [9, 11] (Figures 4 and 12) .
Conclusions
MR imaging has increased the role of the diagnosis of TN disorders with the implementation of high-resolution 3D imaging sequences. Knowledge of TN anatomy is essential for correct interpretation of the images and accurate diagnosis.
